THERVAL BARRI ER COATI NGS W TH LOW THERVMAL CONDUCTI VI TY
BACKGROUND OF THE I NVENTION This invention relates to
thermal barrier coatings made fromceram c materials

and to netallic parts having such thermal barrier
coatings. The thermal barrier coatings have particular
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thermal expansion of the ceramic material to the metallic substrate so that upon heating,

when the substrate expands, the ceramic coating matenal does not crack. Zirconia has a high
coefficient of thermal expansion and this is a primary reason for the success of zirconia as a
thermal barmer material on metallic substrates.

Despite the success with thermal barrier coatings, there 1s a continuing desire for
improved coatings which exhibit superior thermal insulation capabilities, especially those
umproved in insulation capabilities when normalized for coating density. Weight 1s always a

critical factor when designing gas turbine engines, particularly rotating parts. Ceramic
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critical factor when designing gas turbine engines,
particularly rotating parts. Ceramc 1 thermal barrier
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In a third embodiment of the present invention, a thermal barrier coating 1s provided
which broadly comprises a lanthanide sesquioxide and the balance comprising a first oxide
selected from the group consisting of zirconia, hafnia, and ceria. The lanthanide sesquioxide
1s present in an amount sufficient to create more than one oxygen vacancy on average
adjacent each zirconium, hafnium, and cerium jon.

In a fourth embodiment of the present invention, a thermal bamer coating js provided
which broadly comprises from 15 to 60 mol% of a lanthanide sesquioxide having a formula
A,03 where A 1s selected from the group consisting of Er, Nd, Yb, Eu, Dy, Pr, Sm, and La,

and the balance zirconia.
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whi ch broadly conprises from15 to 60 nol % of a

| ant hani de sesqui oxi de having a fornmula A203 where A
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In an eleventh embodiment of the present invention, a thermal barner coating 1s
provided which broadly comprises more than 20 mol% In,0Os, and a lanthanide sesquioxide
having a formula A,O; where A is selected from the group consisting of Er, Nd, Eu, Dy, Gd,
and Pr, and the balance zirconia.

In a twelfth embodiment of the present invention, a thermal bamer coating 1s
provided which broadly comprises from 5 to 60 mol% of at Jeast one of La,;0O3 and Sm,0s,
and from 5 to 60 mol% of at least one oxide having a formula A,O3 where A is selected from
the group consisting of Sc, In, Y, Pr, Nd, Eu, Sm, Gd, Dy, Er, and Yb, and the balance
zirconia.

Other embodiments of thermal barrier coatings in accordance with the present
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In a twelfth enbodi mrent of the present invention, a
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vac‘aaaljcgéeﬁbe Bresefce ot these oxygen vacancie$ minimizes the thermal conductivity of
the coating. Thus, they are a highly desirable feature of the coatings of the present invention.

A second thermal barrier coating in accordance with the present invention compnses
an oxide present in an amount from 5 to 60 mol% and the balance comprising a first oxide
selected from the group consisting of zirconia, hafnia, and ceria. The oxide has a formula
A;O5 where A 1s selected from the group consisting of In, Sc, Y, Dy, Ho, Er, Tm, Yb, Ly,
and mixtures thereof. In a preferred embodiment of this coating, the lanthanide sesquioxide

1s present in an amount from 10 to 40 mol%.
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a I3tithdnid deSquRA8€RAvih a FMAIPHND, where A is selected from the group
consisting of Er, Nd, Eu, Dy, Gd, Pr, and mixtures thereof, and the balance zirconia. The
zirconia s present in an amount greater than 40 mol% and the coating has less than 10 vol%
of a pyrochlore crystal structure.

A seventh embodiment of a thermal barrier coating in accordance with the present
invention compnses greater than 15 mol% Yb,03 and a lanthanide sesquioxide having a

formula A,O3 where A is selected from the group consisting of Er, Nd, Eu, Dy, Gd, Pr, and

5



greater than 22 nol % and the | ant hani de sesqui oxide is
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In an eleventh embodiment, a thermal barrier coating is provided which comprises
more than 20 mol% In,0s, and a lanthanide sesquioxide having a formula A,O; where A 18
selected from the group consisting of Er, Nd, Eu, Dy, Gd, Pr, and mixtures thereof, and the
balance zircoma. In this coating system, the zirconia is preferably present in an amount
greater than 40 mol%, the lanthanide sesquioxide is preferably present in an amount from
0.001 to 40 mol%, and the coating contains less than 10 vol% of phases with a pyrochlore
structure.

In a tweifth embodiment of the present invention, a thermal barrier coating comprises

from 5 to 60 mol% of at least one of La;O3 and Sm;0;, from 5 to 60 mol% of at least one
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sel ected fromthe group consisting of Er, Nd, Eu, Dy,
&d, Pr, and m xtures thereof, and the bal ance
zirconia. In a preferred enbodi nent, the |antanide
sesqui oxide is present in an anmount from0.001 to 36
nol % The zirconia is preferably present in an anmount
oxid leavied the fierinuld 8., 09 Where Thés etatddfoaltbogpupfcendbling of Sc, In, Y, Pr,
contains | ess than 10 vol % of phases with a pyrochl ore

Nd gty g8t e Dy, Franb.end van tressheisal. o the balanrszgpnigadn thip coating
sys%gbg'lfnzqrco 1aRE ? ?rgglﬁ/%és%gt 1?191%5111 3}? c%ﬁ' ﬂlatnhlﬁﬁmgpﬁ '5‘8!1 t/ﬂc coating

dé ‘sesqui oxI ERAv] ng a fo

confﬁmeymgﬁrel@\vbm oS ghaed wilh hipgradhiee giroctprec ONSi st | ng of
Er, Nd, Eu, Dy, G&d, Pr, and m xtures thereof, and the
bal @Heeembediments. ofithermal barsenedatiges ysacsdanerswith theopiesent

r.ef.er resent in an anmount greater than 40
1anﬂ]o§un$lH%e ﬁ‘ﬁrﬁ’ﬁ nide sesqui oxide is preferably present
?G) AnRsrtal QY c@at%kohfbrl@ﬁlgrﬁéﬂm D A D ehotAadidi Gast one first
con

ains less than 10 vol % of phases with a pyrochlore
oxide¢ hayengia éormiuta Az&)mhenem sragtedieddram die griowp p«bmﬁmg of La Sm, Tb,

T|nv tion,. a,thernal rrlerc (52 rises . fro
m, SEDS FaTbirEe F 1 et oS SR ab baRRE TRpaS rsicl bk rconia,
haﬂ‘xi@ & Bph Y996 padfelr6P&hbANRRR, Bl deoPytiBgidfiEsehPl] ;ﬁfnount of at

A203 where A | s selected fromthe group consisting of
leag®d /.51 mol%, The coating, m@ﬁlsﬂqmtaxmﬁronw S5 tB159. 5vimpl% of] at least one third

s thereof. .and.t &N zircania,. In,this
oxifl SR e B BRSO GOm0 T S P aVEDAGR): BbisEHfres ghereof with
the@BcoRd e tQ:Er?ga;Sr%erﬁ {dh Ao loPeadetdnd ) £08%IWHkn the third oxide is
contains |l ess than 10 vol % of" phases with a pyrochlore

presant.u8ull rfmhe@tthe coamgoui anotites varfiatidme maglcobtar frem 0.5 to 22.0 mol% of

ot R PR R BROEP™ [e8toup SHBITIRE o6 GeCh oDy E:Os
GARMPVLOL, 19,1, gm%&ﬁma OniRedred tH&Je(% Qhd ae dt @@asst o Erst bLigE and the at

oxi dé” havi ng ornul a A203 wheré A is selected from
leastipme givlipxido heing presentoh altetal Gintent Tibt greFter thand2liumoi%.

co:@@%dﬁl?ﬁm&?q b%{"feg%ﬁ glgoc)éi,q?ﬁﬁfrg £& g)d%gor Fg]nthrlg gglr & 1East one first
oxiBE %ﬁfﬂh@%rcﬁiﬁ&%@ﬁﬁﬁ of C&S, @%@nﬂd% #R,08 Cﬂfz©§q13f2@3 ERD,, Yb,0s,

amount o |'east” 77.5 nol' % The coating na
In;Qaritca®ln Y onardl Bixtereshesofsiomtoficdayith eastondrmidengelatted from the

oxide.fromth con |st|n of, 1n2| Sc2
ol PR Lo e TG ERSPEBT THE (AR DA Bo g R Tadiso contain
froR€d. Heb I BREIYs bkt dAsPIRURT gﬁﬂ@%@lﬁect‘é& mnﬂﬂle@bu@ ¥RGKting of La,0s,
the third oxide is present. Still further,

Sme@atlibng;, TmQenbioker, Luzi, Mg@r{ia@m@dmmﬁﬁ&krmﬁm With thegat least one

hird. oxid d f
firs Rl P s Lo RIS s Mesrstay! P58 S af ol greater than
22 64208, ahY HeBsecdHd2B3de DRRESres@ith B ¥nbi@So flad Ra8077.5 afvivs.

the at least one first oxide and the at |east one _
t hi (1) exihgenldiamersoetsrggommrising Beml 2Gdiet Tht medte of CeO, combined

w1tgra%%tx1ed’e s.e{1 {Eadzhzom the gro/up consisting of zirconia, hafnia, and cena. In a preferred

embodiment, the oxide is present in an amount of at least 77.5 mol%.

(16) A thermal barrier coating comprising from 0.5 to 22.0 mol% of CeQ,, and from
0.5 to 22.0 mol% of at least one first oxide selected from the group consisting of La;Os,
Sm,03, Tby0s, TmyO4, Ho, 035, Lu, O3, MgO, Ca0, Pry0s, Nd» O3, Euy 03, Gd 05, Dy20s,
Er;0s, Yb>O;, aind mixtures thereof, combined with a second oxide selected from the group
consisting of zircoma and hafnia, and the CeO, and the at least one first oxide being present

in an amount not greater than 22.5 mol%. In a preferred embodiment, the second oxide 1s
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(14) A thermal barrier coating conprising fromO0.5 to
1.0 nol % of at | east one first oxide fromthe group
consi sting of CeQ2, Pr203, Nd203, Eu203, Gd2C3, Dy2QC3,
Er203, Yb203, 1n203, Sc203, Y203, and m xtures
thereof, conbined with a second oxide selected fromthe
presgtonpn emosntsdfiandeast 725 med¥i a, hafriia, and ceria. The

o b AR G Al ng HAmPRR P o1 DS 18 0P Scral et om0 to
59.5%52132?16%%5?&%?)(18& S&@&Q@frOl‘ﬂSﬁg%{"b é)oc?%%tm% 1%@3,@%?(%3’311(1

and m xtures t t hé
mixtueshereme combingtl vai ddeaandl trod%oadf abeasde seteeteﬁffrcrrd t}&‘xg‘rd&p

bei ng present in a total anmount of not greater than
consyphing giglregniaaad hpldlsecond oxi de being present in an

2O e 08 o I e S R v

oxide@elettee Gromteyrénp @@ﬂsd;ﬁnﬁ ef BEUg ANBJ@TELI®,;, B MUPand mixtures thereof
consi sting of zirconia afnia, and ceria. In a

combrnéfi atitherisecend agidesnlected ﬁ@nbwﬁ@omscqas@ge&pf Zlf\COéilFﬁ, hafnia, and
unt st 77.5 no bar

cena rc?egroﬁ,ﬁapbol% nraex%t tg‘F‘nSE)COgd/ ox c%zx)s é)rersrslltﬁu}n S aE?é’&E grg 8r than 77.5

molf/J Ol'ﬁe tBerendl ®ag#r Qo ey fidthet €8EHri oI Sio PXinGB% of at least one
sel ected fromthe group consisting of La203, SnR03,
thirdrpidg selggted FomHbe (gsmch@zs)stmg\@fd{b@danaz%aos,maszdan, MgO,

r 20. b
Cach R Bir S e i eh oA ae gl Thab Al SEpues atpeest 40
mol@g.oup consisting of zirconia and hafnia, and the CeQ2
and the at |east one first oxide bei n% present in an
ant ik A wlegrmgt bamier cqatiag compssipg|foam | H.040 B2 SfreplPedf a first oxide

selef R YT erole SR RERRA DI Sy L Bl GRTcd i BERUALS motss of
a seEEHUIHi 8¢ §efech bR the ERduB 2ohsi st %6 fGeBnial haffialarkl dedia.
59.5 nol % of at | east one oxide selected fromthe gr oup

corfgPs itheymat bmrﬂzoeoatlsgzempnalﬁa fram RidupSf- 3 mele6f Dy20s and from

h at, | east % of an_o c
OSF %?;h i"/ tleasto PEoxige onqgl? %OPBOHHSIég%CP% §cﬁ% %go Ca0,
and/ﬂnkhﬁémlerebﬂ&;bmme@aﬁm N eE00P o3V dnfdxid Ssefectdd 26 The group
mol % of at |least one first oxide selected fromthe

congjpiangpofoaseniet hafglaptmt Q@B Nd203, Eu203, Er203 and

m t he ined w1t S 0 C

rr ot Rl B8 isn PP RG Sl gk B3 e P 3 508 hnd fom
0.5 6£59.8mdI% oF P labeddeaski®haditne uptcbﬁs@ﬁngﬁ%%l ge,0,5Mg0, CaO,

present in an anpunt greater than 77.5 nol% The

andirmgured therget, icembensdtw iftyatdeast f9) mqi%rof@@rﬁ@tﬂd%@lqcr@rﬁwshe group

| east third oxide selected from
coby g“%?%ﬁ%‘"&‘%n? 0§ %’éds%?“%vbzos 1n203, Sc203, Y203,

Gd203) AVBéPmal ba@er aowingicstnptiemgtthan @0fs widoinéIPeosagERHone oxide

oxi de being present in an anpunt of at |east 40 ol %

selected yfrom theegraran consisting of Eb&hi $rgCecingr Y $meprhbissd pathgat iggst 40
molg/o2 015 anng)li (CJ{@: 9&638& kb 2 th® )éroql% consisting of zirconia, hafnia, and cena.

(23) A thermal barrier coating comprising from 15 to 59.5 mol% of Y,03, from 0.5 to
45 mol% of at least one first oxide selected from the group consisting of La;03, Sm;0s,
Tb,03, Tmy03, Ho, 03, Lu,05, MgO, Ca0, Pr;03, Nd; O3, Eu; 05, Dy,03, Er O3, Yb,0s,
In, O3, S¢203, and mixtures thereof, combined with at least 40 mol% of an oxide selected
from the group consisting of zirconia, hafnia, and cena.

(24) A thermal barer coating comprising from 9.0 to 23.0 mol% Gd;03, from 0.5 to

51.0 mol% of at least one first oxide selected from the group consisting of La;03, Smy0s3,
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sel ected fromthe group consisting of Dy203 and Yb203
conbined with at least 77.5 nol % of a second oxide
selected fromthe group consisting of zirconia, hafnia,
and ceria. (20) A thermal barrier coating conprising
fromO0.5 to 59.5 nol % of Dy203 and from 0.5 to 59.5
sz@@l ’P/ﬁlfﬂ);a, Ho;O?,&ﬁI;O@ frﬂgQXCde Pr,0m Nh@ﬁEQH@; mﬂ@h SrhDg YﬁzO],
I n203, Sc203, MO, and m_ xtures thereof, conbined
In2Gi, 5P Gt b BEX tureg ﬂmsw% eAmbined it dasedq mgl%oradmn opide selected
cons of Zi nee ni. a hafnla and ceria. (21)
fror%“ﬁ\%?ﬁ%lco%sésrﬂge 2EEArT ’n[ba 1a,r$1“ sePng from0.5 to 22.5
0| PheOfan B2 Gbrmalhri 6100VatiRePseck foriPh&eiih 9 BE citradi@dsld with a
one oxide fromthe group consisting of 1:n203, Sc203,
Colwg@rS@a@ure and m xtures thereof, conmbined with at | east

% of ,an. oxi de el ed fromthe ou onsistin
of A% e, bng Pty BhER Lt R ety thay be
pro@ﬁ@& irf‘ﬂ:cGRﬂHEé %ﬁtpghé;#@@ng thvenfin. 6@hé‘5’1|t1%e%ayaha\teeﬁ§kta@ Efbstrate
oxi de selected fromthe group consisting of In2
andSo203 theaafdreYROBonabtibrma bamidr koatingsepplied® thmsiﬂ%tmfe arhe thermal

oxi de .sel ect ed fé the rou constj Etl rlg of zirconi a,
barAgrGeRUNe 1Y beeppUS Jr%lzeg)ﬂy 0 ARUFfEh OltsHs 9 prale L magbe applied to a
borfiATRH dgiobifed SPMCS et AR MO dboiraleC M il techmique
knoyvmoumphe an saasttiengedfo dagpdild a tsnRABbarmeh@Bing TnRORrdddd2 03th one of

Pr 203, 3, Eu203, 203, Er 203,
the ?Hé@%mewgmﬂée P@é%gnveaﬂanngktt%hlé ée%@i?yéwcfu@s (GH5CHeR beam
O 0 S
phydicaflvablor bERARIGh cBEicAINapBlaBERRPn LR I i gbbOThg Biffusion
protédssesall hetraeual abstaamaygoagnise one nga hicin hsed tupe28ldy, a cobalt based

nol % Gd203, omO.5 to . 51.0 nol % of at | east one
superalley, & ésé P¥gichds sleshatianigmalioy s %cmpﬁgagq

La2 )
2050553 O PRy R i 90 e
thefBoﬁd)Boata:m:y e formed &otrhar dofminuo ntmtaachgwntieriak, ah eahstindie, a

nol % an oxide selected fromthe group consisting of
plabpyre g Irgmc}?a? ReramiGmgtegah such %Maﬂ%a@éabwéﬁiﬁvcoma or a MCralY

map:?lEL' Ple ot doggﬁ‘lai BE &1, eHh)nhﬁ\n ?ﬁﬂ%trﬂ@ﬁsh&n&hy%ﬂ%l@ rplr(?c%gs known in

umar structure Icle
theraarmmludulngr bultnlot litnyted $o, d0e prgssmerpl asnia @rgasletum baam phys1ca1 vapor
i ne g:;*r& provi ded in accorglance wth the EF 3
QOSSR JiGHSTORREOCERICH ANeC hRDpicAlXAR On dGROSHIONJRLESPES the bond

coa‘?ﬂﬁly avi B o d@r @zﬂE BhLR Bﬁfer%_ eﬁc%alwh%rorxﬁ scafRAhbigs essentlally of

dtot substrate. t her mal arrier coating
alummya BEheatpin (Hmd‘lelr ecitings b the raschaowentiorn ey babstdeal to the oxide

may be applied to a bond coat dep05|ted on one or
Scalfolf%lgsw%%té&ed?chm@cﬂﬁépw B ssitate. Any suitable

oG, SN bl B0,V B e T
additional ceramic material may be selected from the group consisting of materials which
reduce oxygen diffusion, provide erosion and abrasion resistance, and/or provide optical
emissivity of 0.7. Examples of high emissivity ceramic materials which can be used are
alumina and mullite. High emissivity reduces the heat transfer across a thermal barrier
coating by internal radiation (radiation of the thermal barrier coating matenial itself) due to
the temperature difference between the hotter outer surface of the coating and the cooler
interface between the coating and the TGO, thereby reducing the temperature of the TGO,

thus the bondcoat, thus the alloy. Thus, high emissivity increases the insulative properties of

the TBC. The additional ceramic layer may be formed over an exterior surface of the thermal
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the enbodi ments of the present invention. Suitable

t echni ques include el ectron beam physical vapor

deposi tion, chem cal vapor deposition, LPPS techniques,

and diffusion processes, The netal substrate may

conprise one of a nickel based superalloy, a cobalt
barnbp&R@ngsuperal oy, a ferrous alloy such as steel, a

tltanlun1alloy, and a copper alloy. The bond coat may

c ohpsimseembgdiggntsathe@rtpdethay dave R omdeusnaI@ he Harsurfa@@ rand one of

. _the. bond, coat forne
the (G5 RRp fisg COHInGS Pohe Barel NPT ogn =g 0e pPalifd ey SvEraRd bonded
to theloy Hi‘er&bzqg usifg @iy @H"téblé‘@ép%@it@h ’te(ﬁﬁhﬁhe%o&fﬁn{%{é bk h’i%ludm g, but not
stabilized zrrconia, or a AlY material. The bond
limited &, duffydden processes, m:b:ctrhe bsarb$>hyatzel vmpornay:pasuylosumdédjl ahemical

k h t | udi ng, . but t ted
vapQF RTINS PIDEOHESSF ByTaSCrBaist BIbSB M b AL Epa
va &q{hoaég ﬁl%sthérhﬁ'i] bartief E&ﬁfn%@ offhg§§§s%ﬁ§m@t9ﬂecﬁﬁg n lueloPed for

vapor oSl t1 on processes. I'red coa

applicatiomavgasatrbineg dirssathe comtiran havd efilitsun baee appidatibns where high
oxi de scal e consists essentially of alumna. The
tempergpiea RIGHICPPRIET edoditch ﬁi@éuraficetswedpsrﬂtég@hﬁomhuﬁémeaalnﬁay
be A
t eanara bl ek FpREaftnichBRl § A e FVarTics BEUS cotines of the
presemyinttioanded to the thermal barrier coating. The
additional ceramc material may be selected fromthe
group consisting of materials which reduce oxygen
di ffusi on, provide erosi asi on resistance,
and/ or provide opti cal g%?@@ﬁb?fy of 0.7. Exanples of
hi GampidssEi27i3tyiolkes a’m)g; baknes Z.8DS wabhé prodaedd hecald ebsaing and
alum na and nullite. gh em ssivity reduces the heat
sintgringpfmaxed ppwders 4o o ﬁé‘P%l956’a13f'ih§?re“§‘ﬁat"fhﬁg§alﬁy g 4ipsy QRS n

N LR LT AT
werbgiadeasing e i tfach apgagitus UBhikcRnsity Whed aomiined bﬁ ﬁﬁkeﬁh e

cooler interface between the coating and the T
measyemsplofithe sranplg dimensiaisped ateighe. diherpad cmblctwetwehleﬁ of 1.95

; 0
Wit OB bRl Skl e (e R 1208, FRERR, Hplghtcdp theoreicl
dengiddi ti onal cerami c |ayer nmay be fornmed over an exterior
surface of the thermal 9 barrier coating. In sone
enbodi nents, the article may have an oxide scale on its
surfaces and one of the 4 |z barrier coatings of
the present invention may be applred directly over and
borgietplestdf 16Temold%6 & ,06,al667 sl Gands, Palanab Ze0,, were similarly
deposition techni que known in the art includin

but
Progyised by copdtpsessing, ang stiteranH o PG PevEsrs tew&sﬂﬂahg%%{ql%f theoretical.
Thegﬁ(b% "G ck \@I?lgfeﬁ %ee?é) géatuln %ﬂate@\gﬂé %Fag;c %8 %easﬁ/reg % %he laser flash

osi e oxXil

appalahnst Erttm ahﬂewloﬁeaammena of Akhpleugdi g,lﬁthmdtdmemibné) drerhdk density of
coatlngs of the present inventjon were developed for

the saspple wigs id‘étﬁ“PWeﬁag herpal cprdusHYyith Balues pyeramng | 3dsWinifavere

calctadtdd fr¥mithe @1ih GieaBRBY LEAS0ORSinMIBY Eo?t @R to theoretical density.

EXAMPLE 3
Coatings with an average composition of 19 mole% Sm;0s, balance ZrO,, were
deposited by electron beam physical vapor deposition onto alumina discs. High temperature
measurements of thermal diffusivity were made in the laser flash apparatus. High

temperature specific heat values were estimated from previous measurements of monolithic
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tenperatures are encountered, such as furnaces and
i nternal conbustion engines. The foll ow ng exanples are
i ntended to show t he advant ages of the coatings of the
present invention. EXAMPLE | Sanples of 27.3 nole%
Y203, bal ance Zr02, were produced by cold pressing and

33 mwileth S NG, dflamde X, panples.sBulk dendieynsi thy sSbhpbesfwas calculated from
theoretical. The sanple gisps, 0. 025" in thLaness,

the clianges dp ekt and Migsprekitae dispedyangcabiag. Addheihdimgters. Thermal

condF P A TR T VR TR e Ak A 1400,

witheasukef@Ninadé fdrkiensgnpl e di nensi ons and wei ght.
Thermal conductivity values of 1.95 W/nK were
calculated fromthe data neasured at 1200F, linearly
corrected to theoretical density, .EXAMPLE 2 Sanpl es
of 16.7 nol e% Y203, 16.7 nol e% Gd203, bal ance Zr 02,
were simlarly produced by cold pressing and sintering
of m xed powders to a density 90.8% of theoretical.
The 0.025"-thick sanples were again coated with
graphite and nmeasured in the |aser flash apparatus.
From careful neasurenents of sanple weight and
di mensi ons, the bulk density of the sanple was
determ ned. Thernmal conductivity val ues averagi ng 1.37
WnK were calculated fromthe data neasured at 1600F
linearly corrected to theoretical density. EXAMPLE 3
Coatings with an average conposition of 19 nol e% SnR03,
bal ance Zr02, were deposited by el ectron beam physica
vapor deposition onto alum na discs. H gh tenperature
measurenents of thermal diffusivity were made in the
| aser flash apparatus. Hi gh tenperature specific heat
val ues were estimated from previ ous neasurenents of
nmonolithic 10 33 nol e% Sn2038, bal ance Zr Q2 sanpl es.
Bul k density of the sanples was cal culated from the
changes in wei ght and thickness of the discs during
coating, and their dianeters. Thermal conductivity
val ues averaging 1.26 WnK were cal culated fromthe
data nmeasured at 1400F, wth no correction nmade for
density. 11 WHAT IS CLAIMED IS: 1. An article having a
nmetal substrate, a thermal barrier coating conprising
from15 to 59.5 nmol % of Y203, fromO0.5 to 45.0 nol % of
at | east one first oxide selected fromthe group
consi sting of La203, SnR03,

11



1b2Q TnR03, Ho2G3, Lu203i MO CaO, Pr203, Nd2QC3,
Eu203, Dy203, Er203, Yb20 311rt2038, Sc203, and

m xtures thereof, conbined with at |east 40 npl % of an
oxi de selected fromthe group consisting of zirconia,
haf hia, and ceria, a bond coat intermedi ate said netal
substrate and said thermal barrier coating, an

“&ggq%kigﬂghgﬁgranic | ayer on said thernal barrier
a i aid additional ceram c |ayer being forned
froma material selected fromthe group consisting of

1. Arairtizle hating avihétal Bubsedd) 6 &eﬂ)ﬁy@ﬁm codfifgfcbiipriding fRROSitElS.5 mol% of

h |
v o3 el Al S e S R A b R A T S0
Th0), TrnyD;, ?Wmﬁlmeﬂm%@mml Eui3) Dyb(%r Ermarﬂakbolgm% Sc,0;, and
ai.ned.in.c saj arrier

misfis @ HESE, Somoefitl o e e arpRied sl S B P il Eonsisting of

zucame:,(hnﬁi anmd t:ﬁlalpd windrobt mtd‘imﬂﬁtc@aldi Eblldl saRtrak daﬁﬁﬁ&ﬁeﬁh:ﬂ barrier
onprises at |east one.of a .nicke S
coufi Bl 420 alteranti Bres PF St e Ppideis posting P 3 el g e 1Ber
beireg formed &l ac’matbdﬁlrselﬁctﬁll ﬂ'oﬂythe gréup cobe ity df iralefiala@tiol ftidurg oky@en-
sai d

claiml wherei is for from.at .le
a3, Bpits P G SR Sy G Bt ] o oL iy GED
a platinunmalunlnlde a MCrAlY material, and yttria
tabilized zjr 5. i cl e accor to,. cl .
2 5 B g 00 e el e b s
smdtumlmane@agingaasarcolamnarmmfbal conbusti on engi ne. 6.
The article according to claim1l, wherein the netallic

substrate has an oxi de scale outer surface consisting
3. Thel hﬁtlaméranhg 16 claim & |whedeindaid rhetal Kbl traté onphises aiessr die 6K ridhel

n,the on coat.  has.an oxi de . scal e
basf BeRIB:  CORl FasR R b o A e oy o & ST s
bonded to the oxide scale on the outer surface 8. The
'Igle tex@?l'g?ﬁcg %'g:ﬁfgélgg'éi 8he$ig Isarg blond c\:lg?lte 12 ormedS t? om at t%gtdong 8 atn s
aluminum containing material, an aluminide, a platinum aluminide, a MCrAlY material, and yttria

stabilized zirconia.

5. The article according to claim 1, wherein said article comprises a component used on a turbine

engine or an internal combustion engine.

6. The article according to claim 1, wherein the metatlic substrate has an oxide scale outer surface

consisting substantially of alumina.

7. The article according to claim 1, wherein the bond coat has an oxide scale on its outer surface and

the thermal barrier coating is bonded to the oxide scale on the outer surface.

8. The article according to claim 1, wherein said bond coat is a ceramic bond coat.
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